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De'scription 

The invention relates to a stenlization method 
and an apparatus therefor. 

In the past, it has been the practice to sterilize 
packing articles such as containers by using hy- 
drogen peroxide. Specifically, a packing article is. 
in one method, immersed in hydrogen peroxide 
and in another method atomized hydrogen perox- 
ide is sprayed onto a packing article. 

Where the packing article sterilized according 
to the conventional methods as above is a sheet or 
takes a sheet-like form, droplets of hydrogen per- 
oxide deposited on the packing article can be re- 
moved readily ^by, for example, blowing hot air to 
the packing article. However, a cubic packing arti- 
cle having a great depth or a complicated form 
faces problems in being freed from the sterilizer. 
...s^.v, t.oc.i^. , ..yarogen peroxide cannot be 
removed from part of a cubic packing article steril- 
ized according to the immersing nnethod, and. in 
the case of a cubic packing article sterilized ac- 
cording to the spraying method, removal of hy- 
drogen peroxide from the exterior surface of the 
packing article is relatively easy but hydrogen per- 
oxide sprayed and deposited on the side wall inte- 
rior surface, for example, is liable to remain in the 
packing article and it takes a long time to remove 
such residual hydrogen peroxide. 

To cope with these problems, the inventors of 
the present invention have already proposed a so- 
called gasification and atomization method as dis- 
closed in Japanese Patent Application Laid-open 
No. 60-220067. According to this proposal, hy- 
drogen peroxide is atomized into fine droplets, and 
a hydrogen peroxide film is formed from a small 
amount of the hydrogen peroxide fine droplets sub- 
stantially uniformly over the entire surface of even 
a packing article of a complicated form. The hy- 
drogen peroxide film can be removed efficiently. 
Thus, this proposal solves the problems encoun- 
tered in both the conventional methods described 
previously. 

The gasification and atomization method has 
the advantages described above but it still has 
disadvantages in that because atomization of the 
hydrogen peroxide is by way of an atomizer noz- 
zle, a pressurizing unit for pressurizing the hy- 
drogen peroxide and an atomization chamber are 
required, making the overall apparatus complicat- 
ed. Also the atomizer nozzle becomes clogged and 
the atomization suffers from hunting, resulting in 
troubles during running of the apparatus and fur- 
thermore the consumption of the hydrogen perox- 
ide increases. 

FR-A-25 16473 describes a sterilization process 
involving atomizing, using a spray nozzle, a steriliz- 
ing medium comprising hydrogen peroxide, mixing 
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with compressed air and vapourizing the mixture, 
the vapour being blown onto the surface of the 
article to be sterilized. EP-A-69228 describes the 
sterilization of a container by spraying through a 
nozzle a sterilizing agent such as hydrogen perox- 
ide onto a heating element above the open top of 
the container. 

It is accordingly an object of this invention to 
provide a method and apparatus for sterilization 
which can sterilize very efficiently an article to be 
sterilized such as a packing article independently 
of its form with minimized consumption of hy- 
drogen peroxide and which can remove, after com- 
pletion of sterilization, the hydrogen peroxide from 
the entire surface of the sterilized object within a 
minimized time without leaving behind any residual 
hydrogen peroxide. 

Another object of this invention is to provide a 
sterilization meihod and apparatus which can fur- 
ther reduce the amount of hydrogen peroxide to be 
condensed, on the surface of the object to be 
sterilized to ensure uniform condensation and fur- 
ther reduce the time for removal of the hydrogen 
peroxide. 

Thus, according to one aspect, the present 
invention provides a method for sterilizing surfaces 
of articles, said method comprising 

dropping a hydrogen peroxide liquid in the 
form of liquid droplets each having a diameter of 1 
to 3mm onto an evaporation surface of a heater, 
whereby said hydrogen peroxide liquid is gasified 
substantially instantaneously, said heater being 
heated to a temperature of 140 to 180*C, whereby 
decomposition of said hydrogen peroxide during 
gasification js minimized: 

transporting the hydrogen peroxide gas thus 
generated b^^trans^or^|iir^ heated to a temperature ' 
which is substantially equal to or higher than the 
temperature of said evaporation surface to a sur- 
face of an article to be sterilized through a guide 
pipe heated to a temperature which is substantially 
equal to or higher than the temperature of said 
evaporation surface: 

condensing said hydrogen peroxide gas ^ 
sbout^ambient pressure at said surface of the ob- 
ject, safd^surf^ce* l5eing maintained at a tempera- 
ture which is lower than the condensing tempera- 
ture of said hydrogen peroxide gas so as to steril- 
ize said article, and 

thereafter removing hydrogen peroxide hjpj J" ^ 
air. 1 

According to a further aspect of the present 
invention we provide a sterilization apparatus com- 
prising 

feeder means for feeding a constant amount of 
hydrogen peroxide liquid: 

forming means, connected to said feeder 
means, for forming droplets of said hydrogen per- 



2 



3 



EP 0 243 003 B1 



4 



oxide liquid having diameters of 1 to 3mm; 

gasifying means comprising a heat generator 
having an evaporation surface heatable to a tem- 
perature of 140 to 180* C while said liquid droplets 
are substantially instantaneously gasified to hydro- 
gen peroxide gas and the decomposition of the 
hydrogen peroxide during the gasification is 
minimised; 

transport air supply means for supplying air 
which transports hydrogen peroxide gas generated 
by said gasifying means; and 

guide means for admitting said hydrogen per- 
oxide gas to a surface of an article to be sterilized 
while maintaining said hydrogen peroxide gas at Its 
evaporation temperature. 

In the context of the present invention the term 
P!^r.Qxlde^as^ means a hydrogen per- 
oxide vapour, normally a vapour of hydrogen per- 
oxide and water, in a carrier gas such as air; the 
condensation behaviour of such a vapour is gen- 
erally as shown in Figure 1^ 

Generally, the sterilization effect of the hy- 
drogen peroxide depends on the concentration of 
the hydrogen peroxide and on the temperature, 
and it can be activated by raising the temperature. 
Accordingly in the prior art method for sterilization 
with hydrogen peroxide, especially, in an invention 
disclosed in the aforementioned Japanese Patent 
Application Laid-open No. 60-220067, the hydrogen 
peroxide is atomized by means of an atomization 
nozzle and heated to a temperature in a range 
within which the sterilization effect is highly ac- 
tivated. 

However, from the standpoint of safety, the 
temperature of the hydrogen peroxide cannot be 
raised to so high a value even if this value falls 
within the sterilization effect activating range. 

On the contrary, according to the Invention, a 
hydrogen peroxide gas maintained at a higher tem- 
perature than its condensing temperature is intro- 
duced to a surface of an object to be sterilized and 
condensed at the object surface maintained at a 
lower temperature than the condensing tempera- 
ture so as to sterilize the object, whereby the 
hydrogen peroxide gas having a droplet diameter 
which is smaller than that of the atomized hy- 
drogen peroxide can be deposited on the surface 
of the object to be sterilized. Consequently, the 
hydrogen peroxide gas can be deposited at high 
concentration to promote the sterilization effect and 
hence an amount of the hydrogen peroxide duly 
required for the packing article surface can be 
deposited with minimized consumption of the hy- • 
drogen peroxide within a decreased drying time. 

This will be described In greater detail with 
reference to Fig.l. 

Fig.i illustrates an evaporation characteristic of 
hydrogen peroxide at 760 mmHg and a gas com- 



position of a hydrogen peroxide gas generated 
during evaporation, wherein the ordinate represents 
equilibrium temperatures of the liquid phase and 
gas phase and abscissa represents the concentra- 
5 tlon of hydrogen peroxide solution in weight % and 
mole fraction. For convenience of explanation. 
H2O2 is taken for the hydrogen peroxide in de- 
scribing Fig.1. 

Referring to Fig.1. the boiling point of H2O2 + 
70 H2O solution changes with concentration as in- 
dicated by a curve A and the gas composition at 
the boiling point changes with concentration as 
indicated by a curve B. 

Generally, where a solution is of two kinds of 
75 liquid having different boiling points (condensing 
temperatures) and especially where a H2O2 solu- 
tion which is a liquid mixture of H2O and H2O2 is 
concerned in which the former constituent has a 
boiling point which is lower than that of the latter. 
20 H2O begins to evaporate earlier than H2O2 and 
H2O2 begins Jo condense earlier, than H2Q. 

Taking a 35% H2O2 solution at a boiling point 
0, i.e., at 108'G, a corresponding gas composition 
is found at a point E and H2O2 gas concentration is 
25 8%, as will be seen from Fig.1. 

Namely, the gas composition in equilibrium 
with that liquid phase at 108'C is of 8% H2O2 
concentration. 

A H2O2 solution of 71% concentration begins 
30 to evaporate at a boiling point F, i.e.. at 127*C. A 
corresponding gas composition in equilibrium with 
that liquid phase is of 35% H2O2 concentration. 

Accordingly, on the assumption that the 35% 
H2O2 solution is not decomposed and this solution 
•j'o is all gasified, the corresponding gas composition 
Is of 35% H2O2 concentration. This gas composi- 
tion of 35% H2O2 concentration, when cooled, 
comes into equilibrium with the H2O2 solution of 
71% liquid phase concentration. 
40 In other words, when the gas composition re- 

sulting from complete gasification of the hydrogen 
peroxide solution of 35% concentration is cooled 
and condensed, the condensation liquid becomes 
highly concentrated, amounting to 71% concentra- 
45 tion, at the start of the condensation. This highly 
concentrated condensation liquid can be used for 
sterilization, giving a high sterilization effect be- 
cause the concentration of the hydrogen peroxide 
and the temperature govern the sterilization effect. 
50 In this manner, according to this invention, the 

hydrogen peroxide gas is condensed at high con- 
centration at the initial phase and used for steriliza- 
tion. The highly concentrated hydrogen peroxide 
condensation liquid is deposited, in the form of a 
55 thin film, on the packing article surface, thereby 
attaining a high sterilization effect. 

It should be appreciated from the foregoing 
description that the hydrogen peroxide undergoing 
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the gasification to condensation process can be 
condensed at the surface of the object to be steril- 
ized at higher concentration than that of the hy- 
drogen peroxide solution involved. 

In addition, the hydrogen peroxide to be con- 5 
densed is introduced in the gaseous form onto the 
surface of the object to be sterilized and readily 
distributed uniformly, in the form of a thin film, on 
the object surface even if the surface configuration 
is complicated. The uniform thin film can be re- w 
moved very easily by drying. 

Where Irradiation with ultraviolet rays is used 
for sterilization in combination with the application 
of the hydrogen peroxide, the thickness of the 
hydrogen peroxide film need not be so large and 75 
consequently, the transmittivity of the ultraviolet 
rays can be increased to attain a high sterilization 
effect when a thin hydrogen peroxide film is used. 

Since the evaporation unit according to the 
invention does not use any atomizer nozzle, it is 20 
not necessary -to provide r unit for pressurizing the 
hydrogen peroxide and an atomizatlon chamber to 
thereby simplify the overall apparatus, and such 
troubles as nozzle clogging and atomizatlon hunt- 
ing will not take place during operation. 25 

In the invention the liquid droplets dropping 
toward an evaporation surface of a heat generator 
are each of a size, naniely 1 to 3 mm diameter, 
which permits the hydrogen peroxide liquid to be 
gasified Instantaneously and to be dropped. Liquid 30 
droplets of larger size adversely lower the tempera- 
ture of the evaporation surface to decrease evap- 
oration efficiency and to increase decomposition 
percentage. Liquid droplets of smaller size are dif- 
ficult to form using a dropping nozzle (when the 35 
diameter of the nozzle Is made small, the liquid is 
prevented from dropping because of surface ten- 
sion and It sticks to the tip of the nozzle), or they 
tend to be atomized in an excessive amount and to 
cause nozzle clogging when formed by means of 40 
two fluid nozzles. If the liquid is atomized using 
ultrasonic waves, the liquid droplets become so 
small as to suspend and the suspending droplets 
cannot drop onto the evaporation surface. 

To reduce the decomposition of the hydrogen 45 
peroxide during gasification and minimize the time 
required for the hydrogen peroxide to evaporate, 
the evaporation surface is heated to a temperature 
of 140'C to 180'C. The evaporation surface at a 
temperature outside the range of from 140'C to 50 
180*C, especially below 140'C, increases the de- 
composition percentage of the hydrogen peroxide 
and is therefore Impractical. 

Thermal distribution on the evaporation surface 
may be made uniform by transferring heat gen- 55 
erated by the heat generator to the evaporation 
surface through a heat transfer member of high 
thermal conductivity or a heat transfer mechanism 



such as a heat pipe. 

In order to prevent the dropped liquid droplets 
from moving on the evaporation surface so that 
they coalesce with each other to grow Into larger 
droplets, the evaporation surface is preferably 
formed with grooves, provided with partition walls 
or mounted with a mesh. To promote gasification, 
transport air is preferably blown onto the evapora- 
tion surface parallel thereto because gasification 
efficiency is higher when the transport air is blown 
parallel to the evaporation surface than when blown 
perpendicular to the evaporation surface. 

Since heat necessary for the gasification is 
principally supplied from the evaporation surface, 
the transport air rapidly carries away the generated 
gas to decrease the thickness of a boundary layer 
between the liquid and gas phases, contributing to 
further promotion of the gasification. 

Preferably, the temperature of the transport air 
is made substantially equal to or higher than the 
temperature of the heat generator to ensure that 
the temperature of the generated gas can be pre- 
vented from decreasing. 

The amount of transport air is controlled so as 
to be minimized while ensuring that the tempera- 
ture of a gas mixture of the hydrogen peroxide gas 
and transport air may fall within a range of from 
about 140*C to about 200 'C. An excessive 
amount of the transport air decreases the dew 
point, and the efficiency of condensation of the 
hydrogen peroxide gas on the surface of the object 
to be sterilized is decreased. This requires that the 
amount of the transport air be small but too small 
an amount of the transport air loses its ability to 
transport. 

A guide pipe through which the mixture gas is 
admitted to the surface of the object to be steril- 
ized is heated to a temperature which is equal to or 
higher than that of the evaporation surface, prefer- 
ably, 140-C to 180-C. 

The amount of the hydrogen peroxide gas con- 
densed on the surface of the object to be sterilized 
is very small and the gas condensed is uniformly 
distributed. Accordingly, the condensed gas can be 
readily removed by drying. 

To obtain a high combinational effect by using 
ultraviolet rays In combination with the application 
of hydrogen peroxide, the ultraviolet rays must be 
irradiated simultaneously with the condensation, 
preferably. In the absence of hot air or cold air. 
In the accompanying drawings: 
Figure 1 is a graph showing an evaporation 
characteristic of hydrogen peroxide and a cor- 
responding hydrogen peroxide gas composition 
characteristic; 

Figures 2 and 3 are longitudinal sectional views 
illustrating hydrogen peroxide gas generators 
according to different embodiments of the inven- 
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lion; 

Figure 4 is a longitudinal sectional view showing 
an example of a gernn-free packing nnachine 
using the hydrogen peroxide gas generator; 
Figure 5 is a graph showing the relation be- 
tween evaporation surface temperature and 
evaporation time; and 

Figure 6 is a graph showing the relation be- 
tween the thickness of hydrogen peroxide film 
and the transmittivity of ultraviolet rays. 
Fig. 2 illustrates an embodiment of a hydrogen 
peroxide gas generator, generally designated at 
reference numeral 1 , used in a sterilization appara- 
tus of the invention. 

Referring to Fig. 2. a tank 2 for storage of a 
hydrogen peroxide solution is provided in which 
one open end of a pipe conduit 3 is located. A 
constant amount supply pump 4 is inserted in the 
pipe conduit 3. The other end of the pipe conduit 3 
branches to a plurality of branch pipes each of 
which is=mounted» at its endsr with a-droplet supply 
nozzle 5. 

The nozzles 5 are supported in the top wall of 
a gasification chamber 11 and their nozzle open- 
ings are in communication with the interior of the 
chamber 11. The chamber 11 is surrounded by a 
heat insulating material 17. An air supply pipe 6 is 
inserted into the chamber 11 to lie beneath the 
droplet supply nozzles 5, germ-free air for pneu- 
matic transportation being fed through the air sup- 
ply pipe 6. The air supply pipe 6 has a portion, 
internal of the chamber 1 1 , which is formed with a 
plurality of air supply holes 7 and an external 
extension in which a heater 8 is inserted. 

Within the chamber 1 1 , a heat transfer block 9 
is supported beneath the air supply pipe 6. A 
stainless steel mesh 10 is provided above the heat 
transfer block 9 and a heat source block 12 is 
provided under the block 9. 

Mounted at one end of the top of the chamber 
11 is an inverted U-shaped guide 13 which is 
surrounded by a heater 14. The guide 13 commu- 
nicates with the interior of the chamber 1 1 through 
a filter 15. 

Fig.3 illustrates another embodiment of the hy- 
drogen peroxide gas generator. In Fig.3, identical 
members to those of Fig.2 are designated by iden- 
tical reference numerals and the following descrip- 
tion will be directed to different members. 

In contrast to the gasification chamber 1 1 of 
Fig.2 the gas generator of Fig.3, also generally 
designated at reference numeral 1, has a vertical 
type gasification chamber 20. Droplet supply noz- 
zles 5 extend laterally of the gasification chamber 
20 and are supported in one side wall thereof. 
Within the chamber 20, a heat pipe 21 extends 
substantially along the center axis of the chamber 
20 and a second heat pipe 22 mounted on the 



inner wall surface of the chamber 20 surrounds the 
heat pipe 21. The outer circumferential surface of 
the heat pipe 21 is provided with a plurality of fins 
23 and the inner surface of the second heat pipe 
5 22 is mounted with a stainless steel mesh 10. 

In the embodiments of Figs.2 and 3 described 
previously, each of the heat source block 17 and 
heat pipes 21 and 22 comprises a temperature 
controllable member and any of an electric heater, 
10 a steam heater and a burner may for example be 
used. The heat transfer block 9 is made of a 
material of high thermal conductivity such as cop- 
per or aluminium or alternatively, it may be of a 
heat pipe type. 
75 The surface of the heat transfer block 9 and of 

the heat pipes 21 and 22 forms an evaporation 
surface and it must therefore be made of a corro- 
sion-resisting material such as stainless steel. Liq- 
uid droplets tend to undergo a spherdidai phenom- 
20 enon on the evaporation surface to turn into sphe- 
roidal liquid droplets. With the^^aim^of preventing 
the spheroidal liquid droplets from coalescing with 
each other to grow into larger droplets, the mesh 
10 is provided and it prevents the spheroidal liquid 
25 droplets from moving freely. Preferably, this mesh 
may be of a multilayer structure. 

The gas generator 1 operates to generate a 
hydrogen peroxide gas as will be described below. 
Since the decomposition percentage of the hy- 
30 drogen peroxide during gasification is affected by 
the temperature at the heat surface of the heat 
generator, the temperature at the heat surface has 
to be kept constant when the decomposition per- 
centage is desired to be constant. Accordingly, in 
35 the foregoing embodiments, the amount of hy- 
drogen peroxide solution to be supplied to the 
gasification chamber 11 or 20 is kept constant by 
means of the pump 4 so that the heating tempera- 
ture at the heat surface of the heat generator may 
40 be kept constant. 

In supplying the liquid droplets to the gasifica- 
tion chamber 11 or 20 through the droplet supply 
nozzles 5 by using the pump 4 in this manner, the 
smaller the size of the supplied droplets, the easier 
45 the gasification becomes. However, the liquid need 
not be atomized and the size of the liquid droplets 
can be of an order, preferably being of 1 to 3 mm 
diameter, which does not provide a hindrance to 
the gasification. With the conventional and pres- 
50 ently available one fluid nozzle or two fluid nozzles 
adapted for a small amount of atomization, clog- 
ging tends to occur and with the spray nozzles, 
liquid must be pressurized for spraying. On the 
contrary, better results can be obtained by using 
55 the clogging-free, pressurizing-free droplet supply 
nozzles 5 which permit the use of the constant 
amount pump 4 of relatively small capacity and 
consequently by realizing the aforementioned size 
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of the liquid droplets by means of the droplet 
supply nozzles 5. 

The thus supplied hydrogen peroxide liquid 
droplets are heated for evaporation by the evapora- 
tion surface of the heat transfer block 9 or of the 
heat pipes 21 and 22. During the evaporation, the 
evaporation surface is heated by the heat source to 
a temperature, for example, above 130-C. prefer- 
ably 140 to 180 -C. at which the decomposition of 
the hydrogen peroxide can be minimized during 
the evaporation or gasification. 

Fig. 5 graphically shows the relation between 
the evaporation time of a mixture/solution of water 
and 35% concentration hydrogen peroxide and the 
evaporation surface temperature, indicating that the 
aforementioned temperature is suitable for instanta- 
neous gasification. 

The hydrogen peroxide of 35% concentration 



wi!! decompose at a decGmposition percentage of 
17 to 18%. 

While the hydrogen peroxide Jiquid droplets 
are supplied to the chamber 11 or 20 in the man- 
ner described previously, air is supplied to the 
interior of the chamber through air supply holes 7 
in the air supply pipe 6. This air promotes the 
gasification of hydrogen peroxide on the evapora- 
tion surface of the heat transfer block 9 or of the 
heat pipe 21. In order that the thus gasified hy- 
drogen peroxide can be admitted to the surface of 
the object to be sterilized through the guide pipe 
13 while being maintained at a high temperature of 
about 140-C to 180'C. the air is heated by the 
heater 8 to a high temperature of about 140'C to 
180'C. With a view to facilitating the gasification of 
hydrogen peroxide, the air is blown from the air 
supply holes 7 in parallel with gasification planes in 
the apparatus of Fig.2. 

When the hydrogen peroxide gas is admitted 
to the guide pipe 13. the gas will not grow to liquid 
droplets if the gasification is carried out rapidly in 
the chamber 11 or 20 but if the amount of the 
transport air increases or the spheroidal phenom- 
enon takes place at the evaporation surface, then 
the gas will be coexistent with bubbles of liquid 
droplets. The filter 15 can prevent passage of such 
bubbles. 

To prevent the hydrogen peroxide gas under 
pneumatic transport through the guide pipe 13 
from being condensed, the guide pipe 13 is heated 
by the heater 14 to a temperature which is sub- 
stantially equal to or higher than the temperature of 
the evaporation surface, for example. 140*C to 
180 -C. 

The hydrogen peroxide gas thus transported 
through the guide pipe 13 is discharged from an 
outlet 16 of the guide pipe 13 and directed to the 
surface of the object to be sterilized (not shown) so 
as to be deposited thereon. Experimentally, when a 



hydrogen peroxide gas of 35% concentration at 
170-C is deposited on the object to be sterilized 
having a surface temperature of 25 -C. a hydrogen 
peroxide film of 55% condensation concentration 
5 can be formed. The film causes sterilization and 
after completion of sterilization, it is removed by 
drying. The hydrogen peroxide is in a gasified state 
during deposition and is more reduced in size than 
the atomized hydrogen peroxide. This permits easy 
10 removal of the deposited hydrogen peroxide and 
especially, the film in the above experimental case 
can be completely removed within five seconds at 
a drying temperature of 80 • C. For comparison, the 
atomization method takes ten seconds for removal 
75 at 120 -C. 

Referring to Fig. 4 there is illustrated a germ- 
free packing machine equipped with the hydrogen 
peroxide gas generator 1 shown in Frg.2. 

Inside a gerrn-iree cliafnber 26. a chain con- 
20 veyor 27 is so arranged as to be movable in the 
direction of the arrow, and vessels 25 . are con- 
veyed by means of the conveyor 27. At one end of 
the top of the chamber 26, a holder 28 stands 
upright and the vessels collectively held in the 
25 holder 28 are picked from below by a picker not 
shown and sequentially transferred to the conveyor 
27. 

The vessels 25 thus transferred to the con- 
veyor 27 are conveyed to a sterilization chamber 
30 29 at which the vessels 25 are sterilized in the 
manner described previously with the hydrogen 
peroxide gas jetting out of the outlet 16 of the 
guide 13 of the hydrogen peroxide gas generator 1. 
The thus sterilized vessels 25 are then con- 
35 veyed to a drying section 30. Inside the drying 
section 30. an air box 32 is supported which has a 
plurality of nozzles 31 arranged along the convey- 
ance direction above and below the conveyor car- 
rying the vessels 25. Germ-free heating air is sup- 
^0 plied from an air supply pipe 33 to the air box 32 
and it jets out of the nozzles 31 to the entire 
surface of each vessel 25. The drying section 30 
also incorporates an ultraviolet-ray irradiator (not 
shown) which irradiates the entire surface of each 
45 vessel 25 with ultraviolet rays. 

The vessels 25 thus freed from hydrogen per- 
oxide are conveyed to a charger section 36 at 
which the contents of the vessels, such as com- 
pletely sterilized foodstuffs, are discharged from a 
5a storage tank 37 and charged into the vessel 25 
through a nozzle 39 by the action of a valve 38. 

Subsequently, the vessels 25 are conveyed to 
a cap sealing section 41. A roll cap materia! 42 is 
provided above the sealing section 41 . The roll cap 
55 material 42 is paid out toward a sterilization tank 43 
and the opposite side surfaces of the sterilized 
material are dried at a drying unit 44 by using 
germ-free air jetting out of a nozzle 45. The cap 
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material 42 is then drawn out of the drying unit 44 
into the cap sealing section 41 so as to overlie the 
vessels 25 in substantially parallel relationship with 
inlets of the vessels 25. Then the cap material 42 
is sealed to the inlet of the vessel 25 by means of 
a sealing member 46 and thereafter stamped by 
means of a stamper 47 and finally reeled off by a 
reel 48. 

The vessel 25 thus sealed with cap is then 
pushed up by a planar 49 so as to be delivered out 
of the chamber 26. 

In this charging and packing machine, the ul- 
traviolet rays are used for sterilization in combina- 
tion with the application of the hydrogen peroxide 
as described above, attaining a high combinational 
effect and therefore the amount of the hydrogen 
peroxide liquid used can be reduced to about 5% 
in weight. The combination of the hydrogen perox- 
ide liquid droplets and ultraviolet rays is already 
known as disclosed in Japanese Patent Publication 
No. 56-50058: However, the present invention dis- 
tinctively differs from the known technique in that 
while in the known technique the effect can be 
maximized by using a hydrogen peroxide liquid of 
a 0.1 to 1% concentration, the sterilization effect is 
increased in proportion to the concentration in the 
present invention. 

To explain the difference, the ultraviolet rays 
(typically. 254 nm -wavelength ultraviolet rays are 
used for sterilization) are very liable to be absorbed 
by the hydrogen peroxide and about 99% of the 
ultraviolet rays is absorbed by a thickness of about 
100 microns of hydrogen peroxide of 35% con- 
centration, failing to reach the surface of the object 
to be sterilized. However, the thickness of the con- 
densation layer in accordance with the invention is 
considered to be very small, measuring about 1 
micron and the ultraviolet rays are absorbed by this 
layer with an absorption factor of abut 5%, thus 
efficiently reaching the surface of the object to be 
sterilized. This is indicated in Fig. 6 which shows 
that the transmittivity of ultraviolet rays increases 
as the thickness of the hydrogen peroxide film 
decreases. 

As will be seen from the above, the method of 
this invention is highly effective and efficient for 
sterilization by having the ability to effectively ob- 
tain the combinational sterilization effect attribut- 
able to the combination of the hydrogen peroxide 
and ultraviolet rays and to decompose and remove 
the condensed hydrogen peroxide very easily. 

A sterilization apparatus in which a hydrogen 
peroxide aqueous solution is condensed to form a 
liquid layer on an object to be sterilized is known 
as disclosed in Japanese Patent Publication No. 
61-4543. However, in this known apparatus, ster- 
ilization is carried out under reduced pressure and 
in contrast to sterilization of the present invention 



based on continuous flow, the known apparatus, is 
of the batch type and its operation is too com- 
plicated to perform efficient sterilization. 

More specifically, as will be seen from Fig.1, 
5 the hydrogen peroxide liquid of 35% concentration 
must be heated to a temperature above 127*C so 
as to be gasified completely and the gasified hy- 
drogen peroxide must be cooled to a temperature 
below 127"C so as to be condensed. At a tem- 

10 perature below 108'C, the 35% concentration can 
be removed. If the gasified hydrogen peroxide is 
maintained at a temperature below 127*C, for ex- 
ample, at a temperature above 120'C. then a 
hydrogen peroxide condensation liquid of 63% 

75 concentration will be obtained. But it is impossible 
for the batch type apparatus to continuously re- 
move gases other than hydrogen peroxide in order 
to constantly obtain the hydrogen peroxide con- 
densation liquid of 63% cdhcehfration while main- 

20 taining the 120' temperature. 

Further, Japanese Patent Publication No. 61- 
9163 discloses a method for sterilizing an object by 
using a liquid sterilizer wherein the sterilizer is 
atomized into a mist which is admixed with a high 

25 temperature air flow, the temperature of the air and 
the ratio of amount of sterilizer to amount of air is 
controlled so that the sterilizer is vaporized and the 
dew point of the air mixed with the sterilizer be- 
comes higher than a temperature of the surface to 

30 be sterilized, the air mixture is then admitted to the 
surface to be sterilized which cools the air mixture 
in order that the sterilizer is condensed in the form 
of a uniform layer on that surface so as to react for 
a predetermined time, and thereafter the sterilizer 

35 is again removed. In this known method, the quan- 
tity of heat necessary for gasifying the hydrogen 
peroxide is obtained from the heated air. But due 
to the fact that air has a small specific heat which 
is 0.24 Kcal/Kg. " C. a large quantity of air or very 

40 high-temperature air is required for gasifying a 
large quantity hydrogen peroxide and this provides 
a troublesome problem in either case. More spe- 
cifically, the large amount of air dilutes the gas 
mixture to decrease the dew point thereof, making 

45 the gas mixture difficult to condense, thereby de- 
creasing condensation efficiency. In addition, the 
flow rate increases as the amount of air increases, 
giving rise to the problems that the size of the 
mixing chamber necessary for sufficient gasifica- 

50 tion is increased and that most of the gas mixture 
is discharged without maturing into condensation. 
The high-temperature air will possible cause 
pyrolysis of the hydrogen peroxide. 

According to the present invention, heat for the 

55 gasification is principally supplied from the evap- 
oration surface and is transported by an amount of 
transport air minimized for transportation, thus suc- 
ceeding in preventing dilution of the mixture gas 
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and suppressing pyrolysis of the hydrogen perox- 
ide due to high temperatures to thereby eliminate 
the above problems encountered in the known 
method and apparatus. 

Although particular preferred embodiments of 
the invention have been disclosed in detail for 
illustrative purposes, it will be recognized that vari- 
ations or modifications of the disclosed apparatus, 
including the rearrangement of parts, lie within the 
scope of the present invention. 



gasifying means (9). (10) comprising a 
heat generator having an evaporation surface 
heatable to a temperature of 140 to 180*C 
while said liquid droplets are substantially in- 
5 stantaneously gasified to hydrogen peroxide 

gas and the decomposition of the hydrogen 
peroxide during the gasification is minimised; 

transport air supply means (6)-(8) for sup- 
plying air which transports hydrogen peroxide 
w gas generated by said gasifying means; and 

guide means (13) for admitting said hy- 
drogen peroxide gas to a surface of an article 
to be sterilized while maintaining said hydro- 
gen peroxide gas at its evaporation tempera- 
75 ture. 

4. A sterilization apparatus as claimed in claim 3 
wherein said constant amount feeder means 
comprises droplet supply nozzles opened to a 

20 gasifying chamber, and a constant amount 

supply pump (4) inserted in a pipe conduit 
connected to said droplet supply nozzles. 

5. A sterilization apparatus as claimed in either 
25 one of claims 3 and 4 wherein said transport 

air supply means comprises an air supply pipe 
having a portion, internal of said chamber, 
which is formed with air supply holes opened 
to said chamber and an external extension in 
30 which a heater is inserted. 

' Patentansprliche 

1. Verfahren zur Sterilisation von Oberflachen von 
35 Gegenstanden. wobei dieses Verfahren umfaf3t, 



Claims . 

1. A method for sterilizing surfaces of articles, 
said method comprising 

dropping a hydrogen peroxide liquid in the 
form of liquid droplets each having a diameter 
of 1 to 3mm onto an evaporation surface of a 
heater, whereby said hydrogen peroxide liquid 
is gasified substantially instantaneously, said 
- heater bejng heated to a temperature of 140 to 
180'C, whereby decomposition of said hy- 
drogen peroxide during gasification is mini- 
mized; 

transporting the hydrogen peroxide gas 
thus generated by transport air heated to a 
temperature which is substantially equal to or 
higher than the temperature of said evapora- 
tion surface to a surface of an article to be 
sterilized through a guide pipe heated to a 
temperature which is substantially equal to or 
higher than the temperature of said evapora- 
tion surface; 

condensing said hydrogen peroxide gas at 
about ambient pressure at said surface of the 
object, said surface being maintained at a tem- 
perature which is lower than the condensing 
temperature of said hydrogen peroxide gas so 
as to sterilize said article, and 

thereafter removing hydrogen peroxide by 40 
hot air. 

2. A method as claimed in claim 1, further com- 
prising the step of radiating ultraviolet rays 
from above the surface of said condensed 45 
hydrogen peroxide, onto the surface of said 
article to be sterilized after the condensation of - 
said hydrogen peroxide gas and before re- 
moval of said condensed hydrogen peroxide, 

to effect further sterilization. 50 

3. A sterilization apparatus comprising 

feeder means (3) for feeding a constant 
amount of hydrogen peroxide liquid; 

forming means (5), connected to said 55 
feeder means, for forming droplets of said hy- 
drogen peroxide liquid having diameters of 1 
to 3mm; 



das Fallenlassen von Wasserstoffsupero- 
xidflussigkeit in Form von Flussigkeitstropfen 
mit jeweils einem Durchmesser von 1 bis 3 
mm auf eine Verdampferflache einer Heizvor- 
richtung. wodurch die Wasserstoffsuperoxid- 
flussigkeit im wesentlichen sofort verdampft 
wird, wobei die Heizvorrichtung auf eine Tem- 
peratur von^ 1 40^ J|)|s _1^80 • C erhitzt wird, wo- 
durch eine A^iagerung^es Wasserstoffsupero- 
xids wahrend der Vergasung vermindert wird; 

das Transportieren des so erzeugten Was- 
serstoffsuperoxidgases mittels Tragerluft, die 
auf eine Temperatur erhitzt wird, welche im 
wesentlichen gleich oder hoher ist als die 
Temperatur der Verdampferflache, auf die 
Oberflache eines zu sterilisierenden Gegen- 
standes mittels einer Zufuhrungsleilung. die 
auf eine Temperatur erhitzt ist. welche im we- 
sentlichen gleich ist Oder hoher als die Tempe- 
ratur der Verdampferflache; 

das Kondensieren des Wasserstoffsupero- 
xidgases bei etwa Umgebungsdruck auf der 
Oberflache des Gegenstandes, wobei diese 
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Oberflache auf einer Temperatur gehalten 
wird. welche geringer ist als die Kondensa- 
tionstemperatur des Wasserstoffsuperoxidga- 
ses, um so den Gegenstand zu sterilisieren, 
worauf dann das Wasserstoffsuperoxid durch 5 
heiHe Luft entfernt wird. 

2. Verfahren nach Anspruch 1 , weiterhin umfas- 
send den Schritt des Ausstrahlens ultravioletter 
Strahlen von oberhalb der Flache des konden- io 
sierten Wasserstoffsuperoxids auf die Oberfla- 
che des 2u sterilisierenden Gegenstandes 
nach der Kondensation des Wasserstoffsupero- 
xidgases und vor der Entfernung des konden- 
sierten Wasserstoffsuperoxids, unn eine weitere 75 
Sterilisation zu bewirken. 

3, Eine Sterilisationsvorrichtung umfassend, 

eine Zufuhrungsyorrichtung (3) fur das 2u- 
fuhren einer konstanten Menge von Wasser- 20 
stoffsuperoxidflussigkeit; 

eine Fornnvorrichtung, die mit der Zufuh- 
rungsvorrichtung verbunden ist zur Formung 
von Tropfen aus der Wasserstoffsuperoxidflus- 
sigkeit, die Durchmesser von 1 bis 3 nnm auf- 25 
we i sen; 

eine Vergaservorrichtung (9), (10). umfas- 
send eine Heizvorrichtung mit einer Verdamp- 
ferflache, die auf eine Temperatur von 140 bis 
180*C aufheizbar ist, wodurch diese Flussig- 30 
keitstropfen im wesentlichen sofort zu Wasser- 
Q stoffsuperoxidgas vergast werden und die-Ab- 
lagefung von Wasserstoffsuperoxid wahrend 
der Vergasung vermindert wird; 

eine Tragerluftzufuhrungsvorrichtung (6) - 35 
(8) fur die Zufuhrung von Luft, welche das 
durch die Vergaservorrichtung erzeugte Was- 
serstoffsuperoxidgas transportiert und 

eine Fuhrungsvorrichtung (13) fur das Zu- 
fuhren des Wasserstoffsuperoxidgaseszu einer 40 
Oberflache eines zu sterilisierenden Gegen- 
standes. wobei das Wasserstoffsuperoxidgas 
auf seiner Verdampfungstemperatur gehalten 
wird. 

45 

4. Eine Sterilisationsvorrichtung nach Anspruch 3, 
bei welcher die Zufuhrungsvorrichtung fur die 
Zufuhrung einer konstanten Menge Tropfenzu- 
fuhrungsdusen umfafit, die in eine Vergaser- 
kammer munden und eine Zufuhrungspumpe so 
(4) fur die Zufuhrung einer konstanten f\/lenge 
umfaBt. die in eine Zufuhrungsleitung einge- 
selzt ist. welche mit den Tropfenzufuhrungsdu- 

sen verbunden ist. 

55 

5. Eine Sterilisationsvorrichtung nach einem der 
Anspruche 3 Oder 4. bei welcher die Luftzufuh- 
rungsvorrtchtung eine Luftzufuhrungsleitung 



umfafBt. die einen Abschnitt innerhalb der Kam- 
mer. der mit Luftzufiihrungsoffnungen ausge- 
bildet ist, die in diese Kammer munden und 
eine auf3ere Verlangerung umfafBt. in welcher 
eine Heizvorrichtung eingesetzt ist. 

Revendications 

1. Precede de sterilisation de surfaces d'articles, 
le precede comprenant 

la formation de gouttes de peroxyde d*hy- 
drogene liquide sous forme de gouttelettes li- 
quides ayant un diametre de 1 a 3 mm et leur 
chute sur une surface d'evaporation d'un orga- 
ne de chauffage. le peroxyde d'hydrogene li- 
quide etant gazeifie de manlere pratiquement 
instantanee, I'organe de chauffage etant chauf- 
fe a une temperature de 140 a 180 'C. si bien 
que Ja d{§GGmpGsiiion du peroxyde d'hydr oye- 
ne pendant la gazeification est minimale, 

le transport du peroxyde d'hydrpgene ga- 
zeux ainsi forme par de I'air de transport 
chauffe a une temperature pratiquement egale 
ou superieure a la temperature de la surface 
d'evaporation, vers une surface d'un article a 
steriliser, par un tube de guidage chauffe a 
une temperature pratiquement egale ou supe- 
rieure a la temperature de la surface d'evapo- 
ration, 

la condensation du peroxyde d'hydrogene 
gazeux a la pression ambiante pratiquement a 
la surface de I'objet, la surface etant mainte- 
nue a une temperature inferieure a la tempera- 
ture de condensation du peroxyde d'hydroge- 
ne gazeux afin que I'article soil sterilise, et 

I'extraction ulterieure du peroxyde d'hydro- 
gene par de I'air chaud. 

2. Precede selon la revendication 1, comprenant 
en outre I'etape d'irradiation de rayons ultravio- 
lets pardessus la surface du peroxyde d'hydro- 
gene condense, a la surface de Tarlicle a 
steriliser apres la condensation du peroxyde 
d'hydrogene gazeux et avant enlevement du 
peroxyde d'hydrogene condense, afin qu'une 
sterilisation supplenrientaire soit realisee. 

3. Appareil de sterilisation, comprenant 

un dispositif (3) d'alimentation destine a 
transmettre une quantite constante de peroxy- 
de d'hydrogene liquide. 

un dispositif (5) de formation, connecte au 
dispositif d'alimentation et destine a former 
des gouttelettes du peroxyde d'hydrogene li- 
quide ayant un diametre de 1 a 3 mm. 

un dispositif (9, 10) de gazeification com- 
prenant un generateur de chaleur ayant une 
surface d'evaporation qui peut etre chauffee a 
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- une temperature de 140 a 180 -C, si bien que 
les gouttelettes liquides sont gazeifiees de ma- 
niere pratiquement instantanee en peroxyde 
d'hydrogene gazeux et la decomposition du 
peroxyde d'hydrogene pendant la gazeification 
est reduite au minimum, 

un dispositif (6-8) d'alimentation en air de 
transport destine a transmettre de I'air qui 
transporte le peroxyde d'hydrogene gazeux 
cree par le dispositif de gazeification. et 

un dispositif (13) de guidage destine a 
I'admission du peroxyde d'hydrogene gazeux 
a la surface d'un article a steriliser avec main- 
tien du peroxyde d'hydrogene gazeux a sa 
temperature d'evaporation. 

Appareil de sterilisation selon la revendication 
3. dans lequel le dispositif d'alimentation a une 
quantite constante comprend des buses de 
distribution .de gouttelettes dehouchant dans 
une chambre de gazeification, et une pompe 
(4) de distribution d'une quantite constante, 
introduite dans un conduit connecte aux buses 
de transmission de gouttelettes. 

Appareil de sterilisation selon Tune des reven- 
dications 3 et 4. dans lequel le dispositif de 
distribution d'air de transport comprend un 
tube de distribution d'air ayant une partie pla- 
cee a I'interieur de la chambre qui est formee 
avec des trous de distribution d'air qui debou- 
chent dans la chambre et un prolongement 
externe dans lequel est place un organe de 
chauffage. 
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LIQUID DROPLET SIZE 
ABOUT 2.5mm 
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